The aim of this study was to determine whether cumulative structural priming effects and trial-to-trial lexically-mediated priming effects are produced by the same mechanism in comprehension. Participants took part in a five-session eye tracking study where they read reduced-relative prime-target pairs with the same initial verb. Half of the verbs in these sentences were repeated across the five sessions and half were novel to each session. Total fixation times on the syntactically challenging parts of prime sentences decreased across sessions, suggesting participants implicitly learned the structure. Additional priming was also observed at the critical regions of the target sentences, and the magnitude of this effect did not change over the five sessions. These finding suggests long-lived adaptation to structure and short-lived lexically-mediated priming effects are caused by separate mechanisms in comprehension. A dual mechanism account of syntactic priming effects can best reconcile these results.
elements of that sequence or structure (Seger, 1994) . The nature of implicit learning for syntactic structure is suggested to be error-based, in that a mismatch between predicted and processed structure yields greater learning through greater adjustments of weightings in the representational system (see Snider, 2013) . Such an account predicts cumulative abstract priming effects and larger priming effects for less frequent structures (the inverse frequency effect), both of which have been observed in recent studies of comprehension (Fine, Jaeger, Farmer, & Qian, 2013; Fraundorf & Jaeger, 2016) and production (Kaschak, Kutta, & Jones, 2011) .
Under the implicit learning account proposed by Bock and Griffin (2000) and by Chang et al., (2006) , weightings between representations of individual words and the structures in which they participate are slow to change. This implies that this learning mechanism is not the cause of the lexical boost, as it manifests much earlier than this mechanism could produce. Instead, learning of verb-and-structure pairings would result in gradual weighting changes that would manifest as structural biases for individual verbs based on the overall distribution of structures in which they have been experienced. The cause of the lexical boost is suggested to be explicit memory for the wording of the prime sentence, which biases word order processing of the target Chang, Dell, & Bock, 2006; Chang, Janciauskus, & Fitz, 2012) .
A memory-based account has also been proposed to explain abstract priming effects and the lexical boost, with different memory-based retrieval mechanisms producing each of these effects (Reitter, Keller, & Moore, 2011) . Reitter, Keller, and Moore suggested that abstract priming effects are driven by a learning mechanism that affects base-level activation for syntactic chunks in long-term memory. Recently retrieved syntactic chunks have higher base-level activation, making them easier to retrieve when planning future utterances. This activation change is assumed to be somewhat slow to decay and accumulates with exposure, which can account for long-lived abstract priming effects. The lexical boost is suggested to be the product of spreading activation for recent lexical information in working memory to syntactic chunk information in long-term memory. Information in working memory is ephemeral in nature, and so this mechanism accurately predicts a short-lived lexical boost. By implementing these mechanisms in an ACT-R computational model, Reitter and colleagues were able to simulate many behavioral findings in production, such as the inverse frequency effect and cumulative priming effects.
Syntactic Priming in Comprehension
Syntactic priming has been mostly investigated in language production paradigms. However, many complementary studies on comprehension have emerged in the last decade (see Tooley & Traxler, 2010 for a review). Initially, findings from trial-to-trial priming studies noted an asymmetry between comprehension and production whereby lexically-mediated priming effects were widely observed in the absence of abstract priming effects ( Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension
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These findings suggest that comprehending a particular syntactic structure leads to greater ease in parsing during a subsequent experience with that structure. As in production, having the same verb in both of those sentences increases the size (and detectability) of this effect. Importantly, studies that directly compare priming effects in the comprehension and production modalities have found no reliable differences in how these effects manifest across modality (Segaert, Kempen, Petersson, & Hagoort, 2013; Tooley & Bock, 2014) . Such findings are consistent with the idea that priming in comprehension occurs as a response to changes in syntactic regularities outputted by the production system. It therefore seems likely that the same core mechanisms produce syntactic priming effects in comprehension and production. If this is true, then we would expect to find long-term learning of abstract structure in comprehension. As predicted, several studies have obtained (long-lived) cumulative abstract priming effects in comprehension (Fine & Jaeger, 2016; Fine, Jaeger, Farmer, & Qian, 2013; Fraundorf & Jaeger, 2016; Kaschak & Glenberg, 2004) . Additionally, Wells, Christiansen, Race, Acheson, and MacDonald (2009) have found that repeated exposure to difficult object-relative clauses, over several sessions, reduces the difficulty associated with comprehending that structure. Together, these findings strongly support implicit learning of syntactic structure across comprehension episodes.
A shared mechanisms view would predict a short-lived lexical boost in comprehension (as in production). However, the two studies that have investigated the longevity of the lexical boost in comprehension have found lexically-boosted effects that persisted across two to three intervening sentences (Pickering, McLean, & Branigan, 2013; Tooley, Swaab, Boudewyn, Zirnstein, & Traxler, 2014) . Only finding persistence of this effect in comprehension could reflect differences in the task demands between production and comprehension studies. Specifically, production tasks require a message-level representation before language is produced, whereas comprehension tasks often entail more passive listening or reading. Such deeper processing in production would likely lead to stronger propositional representations of the meaning of the sentence, but weaker memory for surfacelevel features of the sentence, like the exact wording. This would imply that effects on target processing that are driven by explicit memory for a particular word (i.e., verb) in the prime sentence would be more robust in comprehension tasks. If so, then both memory accounts of the lexical boost Reitter et al., 2011) would predict a more long-lived lexical boost in comprehension than in production. On the other hand, the persistence of the lexical boost in comprehension may also suggest that it is caused by a long-lived learning mechanism, like abstract priming effects.
The current study addresses the latter possibility.
The Current Study
The goal of the current study is to determine whether a single long-term learning mechanism can account for lexically-mediated as well as abstract syntactic priming effects in comprehension. If abstract learning for structure is taking place in comprehension, then we predict that a difficult syntactic structure will become easier to process as exposure to the structure increases across multiple processing sessions. If lexically-mediated syntactic priming is likewise caused by this learning based mechanism, then the immediate effect of a prime on a target sentence (that share the same syntax and verb) should change as learning of the structure increases across sessions (See Figure 1 , panel C). Additionally, this immediate, lexically-mediated priming effect may depend on which verbs have been encountered in that structure on previous sessions. Here, we are also testing whether learning of the structure differs depending on the specific verb-structure pairings that have been encountered in the study sessions. Possible changes in fixation times (FT) across sessions (solid lines are primes, dotted lines are targets): panel A depicts trial-to-trial priming only, that is consistent across all five sessions; panel B depicts no trial-to-trial priming, but learning ...
To investigate these questions, participants took part in five eye tracking sessions during which they read difficult reduced-relative (garden-path) sentences (see example sentences, below). These sentences were presented one at a time, but were arranged in pairs such that a prime sentence was immediately followed by a target sentence, and the prime and target sentences always contained the same initial verb (which is a past participle in this syntactic structure). Half of the sentence pairs in each session contained initial verbs that appeared in the reduced-relative structure on all sessions, and half contained verbs that did not appear in that structure on any other session.
Reduced-relative prime-target pair
Fixation times at the verb and disambiguating "by-phrase" regions of the reduced-relative sentences were used as measures of processing difficulty of the structure. Fixation times on the prime sentences (baseline estimate of the structure) and target sentences (where lexically-mediated priming is Prime: The speaker selected by the group would work perfectly for the program. a) Target: The architect selected by the manager was educated at Yale. b) Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension 4/22 evident) were modeled using multi-level modeling techniques. These measures were used to investigate possible implicit learning and lexicallymediated syntactic priming effects of the reduced-relative structure.
We intentionally use the term "lexically-mediated priming" rather than the "lexical boost." This is meant to convey that we are not focused on comparing target processing when the target has the same structure as the prime relative to when the target shares the same structure and verb as the prime. We therefore, cannot claim that priming with verb overlap is "boosted" relative to priming without verb overlap, or "dependent" on verb overlap. Rather, we are specifically interested in whether the facilitation that occurs when there is both structural and lexical overlap between primes and targets is produced by the same learning mechanism that produces (abstract) cumulative structural priming effects in comprehension. Lexicallymediated priming effects have been observed in previous comprehension studies using this structure (Ledoux et al., 2007; Tooley et al., 2009) , and have been shown to persist across at least three intervening sentences . Thus, these effects tend to behave more like abstract priming effect in production, and so might also be the result of an abstract learning mechanism.
If the learning mechanism that yields cumulative syntactic priming effects in comprehension is also responsible for trial-to-trial priming when primes and targets share the same verb and structure, then the size of this effect should change as learning for the structure increases. Furthermore, if lexically-mediated priming is due to a learning mechanism, then this verb-structure learning may be stronger for verbs that have been encountered in the reduced-relative structure on previous sessions. If this is the case, then we should find differential effects for sentences processed with a novel verb compared to sentences processed with a previously encountered verb, in the reduced-relative structure.
Implicit learning of the structure would be indicated by decreasing fixation times for the prime sentences as exposure to the structure increases over the five sessions, and this learning should persist across all sessions. If lexically-mediated priming due to lexical and structural overlap between the prime and target takes place, then fixation times of the target sentences should be decreased relative to the prime sentences. However, if these two sources of facilitation are due to separate underlying mechanisms, then we should find that overall ease of processing the structure decreases across the five sessions, but the difference between prime and target fixation times remains effectively unchanged from one session to the next. More generally, the long-term learning for the structure should not affect the size of lexically-mediated priming, if it is caused by a different, more shortlived mechanism.
Method Participants 50 undergraduates from the University of California, Davis participated in this study. They received either 1 course credit or $10 per hour in exchange for their participation. Participants who completed the study were compensated for five hours of participation. All participants gave informed consent to participate, were native English speakers with normal (or corrected-to-normal) 20/20 vision, and had no history of language impairments.
Stimuli and Design
The experimental stimuli in each of the five sessions consisted of 24 prime-target pairs of reduced-relative sentences (see sentences a and b, below), and 24 prime-target pairs in which the prime sentence is a reduced-relative and the target sentence is a past tense main clause sentence (see sentences c and d, below). The initial verb in each pair is the same in the prime and target sentences. The 24 reduced-relative/main clause prime-target pairs with the same verbs were added to eliminate the possibility of strategic effects by the participants; thus, a repetition in the initial verb of a sentence was accompanied by a repetition in the structure of the sentence 50% of the time and a different structure 50% of the time.
Two versions of the experiment were created such that if a verb appeared in a reduced-relative sentence on version A, then that verb appeared in a main clause sentence on version B, and vice versa. To ensure that the meanings of the sentences across the two versions were as similar as possible, pairs of verbs that were similar in meaning were chosen (e.g., selected/picked). This meant that the 24 verbs that appeared in the reduced-relative pairs on version A were similar in meaning to the 24 verbs that appeared in the reduced-relative pairs on version B. These two versions were also used to counterbalance the position of the experimental sentences, such that each prime sentence (on version A) served as a target sentence (on version B).
This counterbalancing technique allows us to compare across prime and target sentences using the exact same sentences, controlling for length and frequency effects in the experimental stimuli (see example stimuli, below). Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension
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Version B: Reduced-relative prime-target pair Version B: Reduced-relative/main clause prime-target pair Two filler sentences intervened between each of the prime-target pairs, but because half of the target sentences were main clauses, this should not have been overly apparent to participants. Half of the filler sentences were past-tense main clause sentences (such as e), and half were past-tense relative clause sentences with the word "that" and no by-phrase (such as f). The ordering of these types of fillers throughout the study was random, and each participant received the same ordering of fillers.
To assess whether learning of the structure differs based on the specific verbs that are encountered in that structure, 12 of the verbs that appeared in the RR-RR prime-target pairs on session one, also appeared in RR-RR prime-target pairs on sessions two through five. The other 12 verbs were unique to each of the five sessions. The 12 verbs that appeared in all five sessions will be referred to as the "trained" verbs (see Appendix A for a stimuli breakdown, including which verbs were "trained"). The number of days between any two eye tracking sessions for any one participant varied randomly between one and six days. At the beginning of the study, the experimenter seated the participant at the tracker, and positioned the participant in chin and head rests to minimize head movements. The tracker was first aligned and calibrated, and then the experiment began. The participants read four practice sentences and responded to two practice questions to familiarize them with the procedure, and then proceeded to the experimental sentences. To signal that they had finished reading each sentence, the participant pressed a handheld button. The participants responded to comprehension questions (with one of two button presses) after 19 of the filler sentences and 6 of the RR targets; they did not receive feedback on their responses. Between each trial, a pattern of boxes appeared on the computer screen along with a cursor that indicates the participant's current gaze location. This allowed the experimenter to assess the calibration of the eye tracker as the study progressed. If calibration loss was observed by the experimenter, the eye tracker was recalibrated before proceeding with the next sentence.
Apparatus/Procedure

Data Analysis
Three sentence regions were examined in the analysis of these data. The verb region refers to the time participants spent fixating at the initial verb of the sentence. The by-phrase region consists of the word "by" and the noun phrase that accompanies it (by the group, in the example sentences above).
This region is the most critical region theoretically, as it is the point in the sentence where processing costs are most apparent. The post-target region contains the two words immediately following the disambiguating region. The rooster escaped the coop only to be chased by a cat. g)
The lender that approved the loan negotiated a good interest rate. h) 1 Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension
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All models estimated random effects based on item and participant identity simultaneously. The maximal version of the models (warranted by the design) was used. If the maximal model would not converge, random effects were removed based on the size of their variance components (smaller effects were removed first) until the model reached convergence. The random effects structure of each model is included in the model output tables.
Separate models were fit to estimate implicit learning effects across sessions, and priming effects at the target sentences due to the previously processed prime sentence. The models of implicit learning effects estimated fixation times on the prime sentences only. Prime sentences are always preceded by filler sentences, and so they serve as our baseline estimate of processing difficulty for the reduced-relatives overall. Centered fixed effects of Session, Training, and Item Order (and all possible interactions) were included in these models. "Session" corresponds to the session number in which the fixation times were recorded (1, 2, 3, 4, or 5), and reflects the graded increase in cumulative number of exposures to the reduced-relative structure. "Training" differentiates whether or not the verb in a given sentence was encountered (in the reduced-relative structure) on a previous session (12 verbs were the same across all five sessions). Item Order refers to the numerical ordering of the sentences in a given session, taking into account primes, targets, and fillers. This variable was included to account for any reduction in fixation times due to the participants adapting to the eye tracking procedure (Fine, Jaeger, Farmer, & Qian, 2013) . With this predictor included in the models, we can be sure that a significant effect of Session reflects learning of the structure, and not adaptation to our task.
If learning of the reduced-relative structure is taking place over the five sessions, we should find a significant effect of Session, whereby the prime sentence fixation times decrease as session number increases. If processing the structure is different for instances where a verb has been previously encountered in the structure, then we should find a significant effect of Training. This would most likely manifest as fixation times for sentences with trained verbs being decreased compared to sentences with novel verbs (for that structure). If this verb-and-structure learning takes multiple sessions to manifest, we may also find an interaction between Session and Training, where sentences with "trained" verbs are processed faster, but only in later sessions.
The overall models of immediate priming effects estimated fixation times of both primes and target sentences. Centered fixed effects of Position, Session, Training, and Item Order (and all possible interactions) were included in these models. "Position" refers to whether or not the sentence was encountered in the prime or target position (each sentence appeared in both positions an equal number of times due to counterbalancing). Models estimating fixation times on primes and targets for each individual session were run for regions and time measures that yielded a significant interaction with the Session variable, in the overall model. These models included centered predictors of Item Order and the variable that interacted with the Session variable.
If target sentences are being primed due to the processing of the previous sentence (the prime), then we should find a significant effect of the Position predictor, and faster times for target sentences compared to prime sentences. If the size of this effect changes based on the amount of exposure to the structure then we should find a significant interaction of Position with Session. If the processing advantage of the target differs based on whether the verb has been encountered in that structure before, then we should find a significant interaction of Position with Training. If priming at the target is larger for trained verbs, but only after multiple exposures of a given verb and structure combination, then we should find a significant three-way interaction between Position Session and Training, with the advantage for a trained verb being greater in later sessions.
Results
Implicit Learning E ects
Mean sentence fixation times at the critical sentence regions, across the five sessions are presented in Appendix B. In general, total prime sentence fixation times for the three critical regions decreased as session number (exposure) increased (See Figure 2 ). Overall models estimating fixation times on the prime sentences (see Table 1 ) revealed only one significant effect for the first-pass time measure: The effect of Item Order at the By-phrase region (p < 0.05). Participants' initial reading times tended to decrease at the By-phrase region as more sentences were encountered, within a given session. Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension 7/22 Table 1 Model estimates of first-pass and total fixation times at the Verb, By-phrase, and Post-target regions of the prime sentences. Models included centered fixed effects of Session (1) (2) (3) (4) (5) , Training (Trained vs. Untrained), Item Order (trial position ... For the total time measure, there were significant effects of Item Order and Session at both the Verb and By-phrase regions (all p-values < 0.05). At the post-target region, there was also a significant effect of Session (p < 0.05). Participants tended to spend less total time fixating the Verb and Byphrase regions as the number of sentences they read (within a session) increased. Additionally, participants' total fixation times at all three critical sentence regions reliably decreased as session number increased. Notably, there were no significant effects of, or interactions with, the Training variable (all p-values > 0.05). Participants' fixation times on the prime sentences decreased across sessions regardless of whether the verb in the sentence had been encountered in the reduced-relative structure on previous sessions.
It is possible that overall decrease in total fixation times is a product of averaging across participants, and does not reflect the session over session trend in fixation times for individual participants. Inspection of the estimated slope coefficients on the Session variable for individual participants rules out this possibility. All but four of the participants had estimated negative slope coefficients for the Session variable (see Figure 3 ). The model results thus far suggest a decrease in total prime fixation times across sessions. However, these models can't tell us whether the size of the average fixation times differed across adjacent sessions. To investigate this, we calculated average total fixation times for the by-phrase region of the prime sentences, in each session, for each participant in the study. We used these scores to conduct a Repeated Measures ANOVA with Session as the 
Priming E ects at Target Sentences
The mean prime and target fixation times across the two fixation measures for each of the three critical sentence regions are presented in Table 1, above. In general, primes had longer total fixation times than targets at the verb and by-phrase regions.
Model estimates of first-pass fixation times (see Table 2 ) yielded significant effects of Sentence Position at the Verb region (p < 0.05). Participants' fixation times on the verb were faster for targets as compared to primes, which is not at all surprising considering the targets had the same verbs as the primes. At the By-phrase region, there was a significant effect of Item Order (p < 0.05) such that participants spent less time initially fixating the byphrase as the number of sentences they encountered in a given session increased. At the Post-target region, there were significant effects of Session and a significant interaction between Session and Sentence Position (all p-values < 0.05). Overall, fixation times on this region were shorter for target sentences than prime sentences, however the difference between prime and target fixation times varied across sessions. In order to unpack this interaction, models estimating first-pass fixation times at the post-target region were run for each session separately. The effect of Sentence Position was not significant in individual models of any of the five sessions. However, these models did reveal large differences in the estimates of the effect of Sentence Position across sessions. Specifically, the model for session 1 estimated that prime fixation times were about 42 ms shorter than target fixation times, and the model for session 5 estimated that target fixation times were about 15 ms shorter than prime fixation times. This reversal in direction of the effects from one session to the other is likely driving this interaction, and is not unexpected given the variability of processing evident in the post-target region.
Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension 8/22 Table 2 Model estimates of first-pass and total fixation times at the Verb, By-phrase, and Post-target regions of the prime and target sentences.
Models included centered fixed effects of Sentence Position (Prime vs. Target) Session (1-5), Training (Trained ... Models estimating total fixation times revealed significant effects of Sentence Position, Session, and Item Order at both the Verb and By-phrase regions, and significant effects of Sentence Position and Session at the Post-target region (all p-values < 0.05). Participants spent less total time fixating a target sentence (compared to a prime) across all regions analyzed. Participants' total fixation times on the verb and by-phrase also decreased as they encountered more trials within a session. Additionally, participants read the sentences faster (at all analyzed regions) as exposure to the structure increased across testing sessions. Importantly, there was no significant interaction between Sentence Position and Session, which suggests that the processing advantage of reading a sentence in the target position did not reliably change across sessions (see Figure 4 ). Similar to the learning models, the Training variable was again never reliably predictive of fixation time (all p-values > 0.05). Whether or not a sentence had a verb that had been encountered in the reduced-relative structure on previous sessions did not reliably influence fixation times. 
Trained Verbs
The results thus far have yielded no significant effects of the Training variable or significant interactions with this variable. The strongest test of this manipulation would occur in session 5, where participants experience the reduced-relative structure in 12 sentence pairs containing verbs that have been present in this structure in all sessions. We compare processing on these sentences to sentences that contain (12) Figure 5 ).
Figure 5
Mean total fixation times at the By-phrase region of reduced-relative primes and targets during Session Five. "Trained" indicates sentences containing verbs that were present in the structure in all five sessions, while "Untrained" ...
Comprehension Question Performance
Comprehension questions appeared after six of the reduced-relative target sentences in each of the five sessions. Performance on these particular comprehension questions can be used to gauge participants' level of attention and engagement in the reading task. If observed decreases in reading times across sessions are due to participants making less of an effort to completely process and understand the propositional meanings of the sentences, then we should see that comprehension question accuracies also decrease across sessions. Mean accuracies tended to increase from the first session to the second and third sessions (83%, 89%, 89%, respectively) and then decrease slightly for session four (86%) and session five (85%). A one-way repeated-measures ANOVA revealed no significant difference in comprehension accuracies across sessions [F(1,49) = 0.19, p = 0.89].
Comprehension performance indicative of understanding the reduced-relative structure did not reliably decrease as session number increased.
Discussion
The goal of this study was to determine whether cumulative structural priming effects and trial-to-trial lexically-mediated priming effects are produced by the same learning mechanism in comprehension. Participants read difficult reduced-relative sentences presented in prime-target pairs with the same initial verb, over five eye-tracking sessions. Baseline estimates of total fixation times for the critical regions of the reduced-relative prime sentences decreased linearly as session number increased, indicating learning of structure. A further decrease in total fixation times for the target sentences was observed, indicating a lexically-mediated priming effect. There was no significant change in the magnitude of this effect across sessions, implying that Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension 9/22 the two sources of facilitation observed in this study are separate and operate orthogonally. There was also no evidence to suggest that either of these effects were influenced by whether a specific verb had been processed in the reduced-relative structure on previous sessions. Consistent with findings in production (Branigan & McLean, 2016; Hartsuiker et al., 2008) , results from this comprehension study suggest that abstract priming is being driven by implicit learning, whereas lexically-mediated priming is caused by a separate, more short-lived mechanism.
Learning of Syntactic Structure in Comprehension
Model results for prime sentences revealed a significant effect of Session at the verb, critical by-phrase, and post-target regions of the reduced-relative clauses for the total time measure. On average, fixation times decreased by about 16 ms at the verb region, 28 ms at the by-phrase region, and 22 ms at the post-target region, per session. Processing of the reduced-relative structure was therefore being facilitated as exposure increased across sessions.
These results support the conclusion that learning of the reduced-relative structure took place in this study.
What is not entirely clear is whether this was learning for initial parsing decisions, reanalysis processes related to recovering from garden-path effects, or a combination of the two. Facilitation was observed primarily in the total time measure, which may suggest participants were learning to recover from an incorrect parse rather than learning to make the correct initial parse. However, it is also possible that participants strategically became more careful in an environment where they had experienced parsing difficulty, resulting in increases in first pass times that nullified learning-related speedups while simultaneously producing a decrease in time needed to reread the reduced-relative sentences. Both of these patterns of behavior would be consistent with our results and both could have occurred across participants in our sample. Unpacking this effect further could be a fruitful area of future research.
Though this is the first study to show long-term learning of the reduced-relative structure, across-session learning for structure in comprehension has been shown previously (Long & Prat, 2008; Wells et al., 2009 ). Importantly, the learning of this structure was quite long-lived, as indicated by decreases in fixation times over session lags that were at least one day apart. In theory, these implicit learning effects may still be evident for weeks or months after exposure. The durability and longevity of these effects is a topic that could be addressed in future research.
Notably, the learning effect across sessions was present alongside the significant effect of Item Order (at the verb and by-phrase regions). This means that though participants' fixation times tended to decrease as the number of sentences they read during any given session increased, comparing one session to the next still accounted for a meaningful amount of the variability in fixation times. Furthermore, the effect of Item Order was significant in both the first pass (earliest processing) and total time measures at the by-phrase region, whereas the effect of Session was only significant in this region for the total time measure. This finding is consistent with the assumption that the Item Order variable reflects general speed-ups in processing due to experience with the paradigm, and the Session variable reflects improved comprehension of the structure through increased exposure.
Importantly, this means that the significant decrease in fixation times across sessions cannot be explained by participants merely becoming more comfortable reading in the eye-tracker as a session progressed.
It is also possible that the significant effect of Item Order is at least in part due to cumulative structural priming within each session, which would be consistent with previous findings Fraundorf & Jaeger, 2016; Kaschak & Glenberg, 2004) . However, the current study cannot speak directly to this possibility. Attempts at simultaneous modeling of learning effects across session, cumulative priming effects, and adaptation to the paradigm effects, turned out to be untenable due to issues with multicollinearity (even after transforming and centering all predictors). We do have strong evidence that learning took place in this study; it was cumulative across sessions and separate from reading speed-ups associated with adapting to the paradigm.
Lexically-Mediated Syntactic Priming E ects
The Sentence Position variable was found to be significant at all three regions in the total time measure. Model estimates suggest that fixation times for targets were faster by 30 ms at the verb region, 46 ms at the by-phrase region, and 11 ms at the post-target region. The target sentences, which shared the same syntactic structure and initial verb as the prime sentences, were consistently processed faster than the primes. This implies that lexically-mediated syntactic priming effects occurred in addition to the long-term structural learning effects mentioned previously. Critically, the Sentence Position variable never interacted with the Session variable, suggesting that this priming effect was present in all five sessions. Additionally, it implies that the lexically-mediated syntactic priming effect did not meaningfully vary in magnitude across sessions. This result is important because it implies that learning of the primes did not impact the immediate effect of a prime on the target. Despite the decrease in processing times of the prime sentences, there was a consistent additional decrease for targets in all sessions.
This study joins others demonstrating that repeating the verb and syntactic structure across prime and target reduced-relative clause sentences leads to significant facilitation of target processing (Ledoux, Traxler, & Swaab, 2007; Tooley, Traxler, & Swaab, 2009; Traxler & Tooley, 2008) . However, this is the first study showing that this lexically-mediated priming effect operates separately from more long-lived priming effects in comprehension. In addition to a long-lived learning mechanism, there also appears to be a short-term priming mechanism that facilitates syntactic structure building processes. This effect could be due to residual activation for the link between the initial verb and the reduced-relative structure node (Pickering & Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension 10/22 Branigan, 1998) , explicit memory for the wording of the prime Chang, Dell, & Bock, 2006) , or spreading activation from working memory to long-term memory (Reitter, et al., 2011) . We comment further on these mechanistic accounts later in this section.
Syntactic Priming and Long-term Lexical Dependencies
No significant main effects of the Training variable were found at any sentence region for either time measure. There was no evidence to suggest that the reduced-relative sentences that contained a verb that was present in that structure on previous sessions were processed differently from those that contained novel verbs on every session. This finding was consistent across all five sessions. Tentatively, the observed implicit learning effects of the reduced-relative structure therefore appear to be lexically independent (i.e., abstract). Learning of the structure took place without reference to the particular verbs that appeared in that structure, across the five sessions. This finding is consistent with a recent comprehension study that investigated the magnitude of cumulative structural priming effects (within a single session) and found that the magnitude of the priming effect was the same whether particular verb-structure pairings were repeated in the session, or not (Fine & Jaeger, 2016) .
Additionally, no significant Position by Training Interaction was found at any of the sentence regions analyzed, for either time measure. Importantly, this was observed in an analysis of Session 5 alone, where the "trained" verbs had been experienced in the reduced-relative structure the most times.
This means that the magnitude of the lexically-mediated priming effect was not influenced by whether a specific verb had appeared in the reducedrelative structure on previous sessions. Though the priming effects observed in this study were lexically-mediated within a short time frame, this effect did not generalize to instances where the lexical overlap was separated by a longer time lag. Critically, this reaffirms our conclusion that lexicallymediated priming is not a form of learning, and thus it is unlikely that this priming effect and structural biases inherent to particular verbs share a common mechanism. This conclusion is consistent with those drawn from recent findings in production (Branigan & McLean, 2016) .
Naturally this null result must be interpreted with caution. It is entirely possible that the manipulation used in the current study to "train" specific verbs within a given structure was not sufficient to evoke these effects, or that these effects were not detectable by our data analyses. Perhaps more sessions with the same verbs, or more exposures to the same verbs within each session would have produced observable training effects. Though one production study involving mass amounts of exposure for a particular verb-structure pairing within one session obtained a lexical-structural preference (Coyle & Kaschak, 2008) , it remains to be seen whether this effect would persist across sessions on separate days, or be observable in a measure of comprehension.
It is also possible that training effects would have been found had there not been such a long time lag between sessions. During the day(s) between sessions, participants likely encountered the same verbs used in the experimental stimuli in their daily lives, and the rarity of the reduced-relative structure makes it unlikely that these verbs appeared in that structure. Processing the experimental verbs in different structures during the session lags could have nullified any training benefits gained from processing those verbs in the reduced-relative structure. Future comprehension studies, perhaps with massed exposure to a particular verb-structure pairing across multiple sessions, would be useful in further addressing this question.
Dual Mechanism Account of Syntactic Priming E ects in Comprehension
Both implicit learning and lexically-mediated priming of the reduced-relative structure were observed in the current study. Importantly, the lexicallymediated priming effects did not reliably interact with the implicit learning effects. This result implies that lexically-mediated priming in comprehension is not produced by a learning mechanism. Furthermore, these results provide evidence for two separate, and apparently orthogonal, mechanisms producing syntactic facilitation in comprehension. This conclusion is consistent with dual mechanism accounts that have been proposed to explain syntactic priming in language production (Branigan & McLean, 2016; Hartsuiker et al., 2008) .
One side of this dual mechanism account must include long-term learning of syntactic structure to adequately explain the current (and past) results. Bock and Griffin (2000) characterize this learning as the strengthening of the network connections between the representational units that support the use of syntax. Repeated building of a particular structure strengthens the procedural processes involved in formulating that structure. This mechanism is suggested to drive abstract syntactic priming effects in both language comprehension and production Chang, Dell, & Bock, 2006) and is instantiated in an error-driven fashion where greater learning occurs for less predictable structures (Jaeger & Snider, 2013) . Furthermore, this view suggests a tight coupling between adaptation in comprehension and production. Comprehension priming can be viewed as an adaptive response to the output of the production (and prediction) system. Re-using the same structure in speech happens because it becomes easier with use, and this adaptation changes what a listener may expect to hear in a given language context. An alternative account (Reitter et al., 2011) suggests that this learning is a manifestation of increased base-level activation for recently encountered structural information in long-term memory. According to this model, base-level activation for a given structure increases (and accumulates) with repeated exposure, producing structural facilitation that is cumulative and long-lived.
Findings from the current study may help adjudicate between these competing accounts of the mechanisms underlying cumulative structural priming effects (though, we note that the Reitter et al. (2011) model was formulated specifically for production processes). The learning effect observed in this study decreased in magnitude in the later sessions (though the amount of exposure to the structure remained constant). The error-driven learning Implicit learning of structure occurs in parallel with lexically-mediated syntactic priming effects in sentence comprehension
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account predicts that the benefit of increased exposure to a structure will decrease as that structure is learned (because the error signal becomes weaker with greater structural exposure). The Reitter et al., model predicts no such asymptote in the learning effect (given a consistent amount of exposure), and instead predicts that structural facilitation will increase with exposure until some natural processing floor is achieved. The tapering off of the learning effect (observed in the primes) is unlikely to be a processing floor as target fixation times were decreased relative to primes, even in Session 5. The error-based implicit learning mechanism (Chang et al., 2006; Jaeger & Snider, 2013) is therefore most compatible with the learning effects observed in this study.
This error-driven learning account would therefore also predict that the magnitude of trial-to-trial, abstract priming effects should decrease as exposure to the structure increases. Though our trial-to-trial effects involved repetition of a verb-and-structure coupling, it is still the case that the same structure was repeated across prime and target trials. In theory, this means that some part of the trial-to-trial effect should be due to abstract priming, and so may change with increased exposure to the structure. However, we found no evidence of a modulation in the size of our trial-to-trial priming effect across sessions. Perhaps any effect due solely to structural overlap from prime to target did decrease across sessions and it was simply too small to detect it in our measurement of a lexically-mediated, trial-to-trial priming effect. Either way, this finding is consistent with our conclusion that the major driver of the observed lexically-mediated priming effect is not a learning mechanism.
We now consider how our results can be used to help identify the mechanism responsible for lexically-mediated priming. First, our results suggest this mechanism is separate from, and more short-lived than the abstract learning mechanism. It is possible that residual activation for the prime's verb and linked structural representation facilitated activation for those representations during target processing (Pickering & Branigan, 1998 2006) . It is also possible that both explicit and implicit memory (not learning) combined to produce the observed lexically-mediated priming effects.
Both of these possibilities yield predictions that are consistent with the current results: Lexically-mediated priming is shorter-lived than structurelearning effects. As such, the results of the current study cannot support one account over another.
The Reitter et al. (2011) model offers a more specific prediction to test. This model suggests that a linking of lexical information in working memory to structural information in long-term memory produces lexically-mediated priming. The weightings of the lexical information decrease as the number of words held in working memory increases. This implies that lexically-mediated priming effects should be weaker when there are more words in the prime sentence (held in the working memory buffer), because the repeated verb would have weaker links to the structural information in long-term memory. We ran follow-up analyses that included prime sentence length as a fixed effect when estimating the difference between the total fixation times for primes and targets at the critical by-phrase. These analyses yielded no significant modulation of the priming effect based on the length of the prime sentence. This null result does not support the Reitter et al. (2011) model's prediction, but it does not contradict it either. Additional research is needed to investigate this prediction more thoroughly, as well as to compare these competing accounts more precisely in order to identify the mechanism that produces lexically-mediated priming.
Limitations
One limitation of this study is that we were unable to establish the number of exposures necessary to produce abstract learning effects for the reducedrelative structure. We showed that the number of exposures within one session (36) was sufficient to change how participants processed the reducedrelative structure, but were unable to model trial-level cumulative priming effects (that were separable from adaptation to the paradigm effects).
Though not changing our overall conclusions, successfully modeling this effect would have enabled us to compare trial-level cumulative priming effects for the reduced-relative structure to those for other structures (e.g., .
We are also limited in the conclusions that we can draw because this is the first on-line comprehension study that has investigated long-term structure learning alongside short-term, lexically-mediated priming effects. Additional, similar studies are needed to replicate and extend these findings.
Furthermore, we examined one particular structure, and one that lacks the optionality inherent to many of the structures tested in production (i.e., active/passive or dative double-object/prepositional object). A direct comparison of our results to those in Production is therefore not straightforward, and would also require additional research.
Conclusions
The current study investigated whether cumulative structural priming and lexically-mediated priming share a common learning-based mechanism in language comprehension. Evidence of cumulative structural priming, that operated alongside orthogonal lexically-mediated priming, suggests a learning mechanism produces the former but not the latter set. The cumulative learning effect tapered off in later sessions, consistent with an errorbased learning mechanism (e.g., Jaeger & Snider, 2013) . Neither effect was modulated by whether the verb had been encountered in the learned structure on previous sessions. These results support a dual mechanism account of syntactic priming effects in comprehension, whereby cumulative priming is produced by a learning mechanism and lexically-mediated priming is produced by a more short-lived mechanism.
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Footnotes
Due to eye tracker malfunction and repair, 12 participants had a lag longer than six days between two of their eye tracking sessions.
